W e have evaluated prospectively the incidence and location of deep-vein thrombosis (DVT), the risk factors for pulmonary embolism, and the natural history of thrombosis after total knee replacement (TKR) in patients who did not receive prophylactic or therapeutic treatment for DVT.
Thromboembolic disease is a potentially serious complication of total knee replacement (TKR). Routine postoperative venography has shown an incidence of isolated calf thrombi of between 23.8% and 60% and of proximal thrombi berween 3% and 20%. [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] Since pulmonary embolism is one of the most feared complications, the recognition of deep-vein thrombosis (DVT) in the lower limb has been considered to be an absolute indication for anticoagulation. 4, 6, [15] [16] [17] Not all deep-venous thrombi, however,
give rise to pulmonary emboli. 18 If some forms of DVT have a lower risk of embolisation than others, 19, 20 their recognition and separation could provide a guideline for selecting patients who are to be exposed to the risks of anticoagulation. 21 Our prospective study evaluated the incidence and location of DVT, the risk factors for pulmonary embolism and the natural history of thrombosis after TKR in patients who have not received prophylactic or therapeutic treatment for DVT.
Patients and Methods
Between June 1998 and December 1999, 227 patients had primary TKR using an Omnifit prosthesis (Stryker, Allendale, New Jersey). All were approved by the Internal Review Board of our institution and all gave informed consent for inclusion in the study. Of these, 116 had a onestage bilateral and 111 unilateral TKR. There were 36 men and 80 women with a mean age of 66.7 years (51 to 77) in the bilateral group and 28 men and 83 women with a mean age of 63 years (32 to 73) in the unilateral group. Symptoms of DVT were present in 15 patients (12.9%) with bilateral and in ten (9%) with unilateral TKR. No patient had symptomatic pulmonary embolism.
In the 116 patients with bilateral TKR a cemented prosthesis was introduced on one side and an uncemented prosthesis on the other. Randomisation between cemented and cementless prostheses in the bilateral group was determined from a sequential pool maintained by the statisticians, based on a table of randomised numbers. All randomisation was done in the operating room just before surgery. There was an equal chance of the cemented or the cementless procedure being carried out first in a bilateral procedure. All 111 unilateral TKRs were cemented. All patients were requested to discontinue aspirin or aspirincontaining compounds and other antiplatelet medication two weeks before admission.
In the bilateral group, 104 patients (89.6%) had osteoarthritis, seven (6.1%) rheumatoid arthritis and five (4.3%) osteonecrosis of the medial femoral condyle. In the unilateral group, there were 103 patients (92.8%) with osteoarthritis, six (5.4%) with rheumatoid arthritis and two (1.8%) with osteonecrosis of the medial femoral condyle. All patients were followed for at least one year after TKR.
During the operation, a thigh tourniquet was applied, but it was not inflated until just before the insertion of the components. The tourniquet pressure was 150 mmHg above the systolic blood pressure. It was deflated immediately after insertion of the components. The tourniquet technique was the same whether a cemented or cementless implant was used. All operations were carried out by the senior author (Y-HK). No patient wore elastic stockings either before, during or after the operation. Two suction drains were used and were removed after 48 hours.
After operation, the limb was immobilised in a splint and elevated on two pillows. Quadriceps exercises were initiated on the first postoperative day when the splint and dressings were removed. Mobilisation started on the second postoperative day, as did knee movements using a continuous passive movement machine. No patient received prophylactic agents for DVT.
Coagulation assays (platelet count, prothrombin time, partial thromboplastin time, fibrinogen, antithrombin III and factor VIII), a full blood count, blood typing and serum chemical profile tests were carried out for all patients on three separate occasions: on the day before operation, on the second or third postoperative day and on the sixth or seventh postoperative day. Bilateral simultaneous or unilateral venograms were done on the sixth or seventh postoperative day. The criterion for diagnosing a DVT was a filling defect in a deep vein or defects surrounded by a narrow rim of contrast material. Patients with thrombi did not receive anticoagulation therapy, and they underwent further bilateral simultaneous or unilateral venograms at six months after operation in order to document the natural history of DVT.
Variations in the anatomy of the superficial femoral and popliteal veins were studied and the number of valves in the deep veins from the popliteal fossa to the level of the ischial spine were recorded. The incidence of DVT was correlated with these two factors.
All patients had ECG, chest radiography and serial determinations of blood gases and serum enzymes. All had perfusion lung scans before operation using a standardised technique. The preoperative examination was compared with that undertaken seven or eight days after operation in order to detect fresh pulmonary embolism. Ventilation lung scanning and pulmonary angiography were carried out if the perfusion lung scan was positive; if it was negative, no further studies were undertaken.
The blood loss at operation was assessed by weighing the swabs, calculating the amount of contained blood and adding this to the amount obtained from wound suction. The total volume obtained by suction drainage was taken as the postoperative blood loss. The amounts of blood and blood products or blood substitutes which were transfused intra-and postoperatively were recorded.
Statistical analysis was carried out using the chi-squared, Student's t-and the Mann-Whitney U tests.
Results
After operation, of the 232 venograms in the 116 patients with a bilateral TKR, 97 (41.8%) were positive for DVT compared with 46 (41.4%) in the 111 patients with a unilateral TKR. This difference was not statistically significant (p = 1.0, 95% confidence interval (CI) -0.108 to 0.115). In the bilateral group, the venogram was positive for DVT in one limb in 39 (16.8%) and in both in 29 patients (25%).
The locations of the thrombi in both groups are shown in Table I . In the bilateral group most (76, 78.4%) were in the calf veins and in 21 (21.6%) they extended proximally into the popliteal and/or femoral vein. In the unilateral group, most (32, 65.2%) were also in the calf and extended proximally into the popliteal and/or femoral vein in 14 (34.8%).
Of the 116 venograms in the knees with a cemented replacement 45 (38.8%) were positive for DVT compared with 52 (44.8%) in the knees with a cementless replace- , preoperative haematocrit levels, preoperative levels of total protein and calcium, the use of cement, and the presence of hypertension.
There was also no relationship between DVT and gender (37.5% of men and 41.7% of women), diagnosis (39.9% of osteoarthritic patients and 35% of rheumatoid patients had thrombi), and venous anatomical variations (Table III) . The mean size of DVT was 10.1 cm (3 to 25) in the bilateral and 11 cm (3.5 to 20) in the unilateral group. This difference was not statistically significant (p = 0.475). In the cemented group the mean size was 10.2 cm (3.5 to 20) and in the cementless group 10 cm (3 to 25). This difference also was not statistically significant (p = 0.565). Table  IV gives the size of the thrombi in different locations.
Venograms were repeated at six months after operation in all 143 limbs which had thrombi. All had completely resolved regardless of their location and size. No pulmonary embolism occurred in our series as shown by the negative perfusion lung scans and the absence of symptoms. Two patients died, one at 12 months and one at 14 months after operation, from causes which were unrelated to the operation. One patient had skin necrosis as a local complication of the venography caused by a leak of contrast medium and one had an allergic reaction to contrast medium.
Discussion
Our study shows a lower incidence of DVT after TKR in patients without thromboprophylaxis than in other studies reporting the use of some form of thromboprophylaxis. 12, 14, 23, 24 In these studies, the incidence of DVT was even higher in those patients who were given no prophylactic treatment. Our data, however, support those of others 8, 9 who have reported an incidence of 25% and 32%, respectively, of DVT after cemented or cementless TKR in patients who had not received any thromboprophylaxis. We could not confirm the widely accepted association between DVT and the following factors: advanced age, underlying disease, one-stage bilateral replacement, venous anatomical variation, the number of venous valves, coagulation assay data, blood type, hypertension, choice of cemented or cementless replacement, the complexity or duration of the operation, the operative blood loss, or transfused blood.
Although the subgroup of patients aged less than 40 years is too small to allow a proper statistical analysis to be performed, contrary to other reports, 7, 13, 16 our study supports the view that advanced age does not constitute a risk factor. 1, 8, 9, 12, 14 In our study, the predominant diagnosis was osteoarthritis, but with a low incidence of DVT. Although the subgroup of patients with rheumatoid arthritis is too small to allow a proper statistical analysis, our findings indicate that there is no specific correlation between the types of arthritis and the incidence of DVT. 1, 8, 9, 14, 25 Contrary to the reports by Stulberg et al, 14 our study shows that the incidence of DVT has no correlation with either one-stage bilateral or unilateral replacement. This finding agrees with that of Morrey et al. 26 Also, contrary to the findings of Liu et al, 27 we found no significant difference in the incidence of thrombosis between patients with anatomical venous variations and those without, or between patients with more than five valves and those with fewer. Our findings confirm those of Kim and Suh, 28 and lead us to believe that there is no correlation between venous stasis and thrombosis. Francis et al 25 and Stulberg et al 14 suggested that there was a possible correlation between antithrombin-III activity and the occurrence of DVT after a cemented total knee replacement. Others, 8, 9, 27, 28 however, found no such correlation and our findings support this conclusion. Likewise, we found no correlation between the use of acrylic cement and the development and the extent of thrombosis. Obesity is generally believed to be associated with an increased incidence of DVT, 7-9,24,29 but our study did not support this view. Our findings did not confirm the view that hyperlipidaemia is not only associated with accelerated blood clotting, but also with increased blood viscosity and adhesiveness and aggregation of red blood cells. 30 Most authors agree that patients with proximal thrombi are at the greatest risk of suffering symptomatic pulmonary embolism, 19, 20, 31, 32 but the clinical significance of calf thrombi is disputed with some authors suggesting that asymptomatic calf thrombi pose little or no increased risk 8, 9, 20, 24, 25 and others reporting an increased risk. 3, 10, 13, 19, 33 In order to develop an effective protocol for the treatment of thromboembolic disease, the natural history of calf and proximal thrombi must be defined. Kakkar Our study indicates that patients with calf thrombi have no increased incidence of either asymptomatic or symptomatic pulmonary emboli compared with those without thrombi. In contrast to previous studies, 19, 20, 31, 32 we found no evidence of either asymptomatic or symptomatic pulmonary embolism in patients with proximal thrombi. In addition to the location, the size of the thrombus may also be important. Some authors have shown that thrombi greater than 5 mm are more likely to propagate and embolise, 19 ,32 while others 20, 24 have suggested that deep venous thrombi in the calf, of whatever size, are unlikely to produce symptomatic emboli and that therefore these patients do not require anticoagulation. Our findings support the latter. It has been speculated that thrombi in the calf are attached relatively securely and resolve rapidly and spontaneously. 19 In our study all calf thrombi resolved spontaneously as shown by further venography six months after operation. If they do embolise, they are too small to produce symptoms and only a few are detected by ventilation-perfusion lung scanning. 20 We found that thrombi often develop in the thigh after TKR (21.6% in the bilateral and 34.8% in the unilateral group). In our study thrombi in the popliteal and femoral veins also resolved spontaneously. Although the current prevailing opinion is that patients with thrombosis in the proximal veins should be treated by anticoagulation, our study has shown that all thrombi regardless of their location and size resolved without causing pulmonary embolism.
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